We present the results concerning the excitation and emissions spectra of Poly (N-carbazole) (PVK) blended with poly(vinylidene uoride-co-hexauoropropene), (PVDF-HfP) and polyvinylpyrrolidone (PVP). Thin lms of PVK blended with PVDF-HfP (PVK:PVDF-HfP) and PVP (PVK:PVP) were prepared using doctor blade technique on spectrosil substrate. The inuences of polymer blends on the excitation and emission spectra were observed under UV excitation source of a xenon lamp. The result shows a discrepancy in the maximum excitation and emission for each sample. The possible energy transfer and recombination mechanisms have been related with singlet-singlet semi-empirical INDO electronic calculation and FTIR measurements.
Introduction
Poly(N-vinlycarbazole) (PVK) is a well-known nonconjugated polymer for polymer light emitting diode (PLED), photoconductive, photorefractive, lithium-ion battery and photovoltaic (PV) applications [1] . In PLED and PV applications, PVK is used as a hole transport layer because of its high hole mobility. All these applications are enabled by the existence of carbazole groups that are useful in opto-electronics and photonics. PVK can be mixed with organic and inorganic salts or compounds or embedded with nanoparticles to achieve new optical properties and optimized output in photonics and opto-electronics [2, 3] . Crosslinking of PVK with other conjugated polymers can also realize new optical properties of PVK [4] .
Polymer blending is a simple, well-known technique of creating new solid materials or composites with more enhanced properties than those of homopolymers. In semiconductor application, polymer blending is widely used to optimize the performance of opto-electronic devices.
The optical properties of polymer can be modulated by adding some dopants to the host polymer or blending with other polymers. Optical characterizations of polymers are vital tools for understanding the electronic properties of polymers [5] . Optical absorption and luminescence spectroscopy rely on electron transition from the * corresponding author; e-mail: ahmadnazib111@ppinang.uitm.edu.my highest occupied molecular orbital to the lowest unoccupied molecular orbital or on the nonlinear optical properties of a polymeric material. Pertaining to the alteration described above, we have blended PVK with another host polymer which is poly(vinylidene uoride-co-hexauoropropene) (PVDF-HFP) or polyvinyl pyrrolidone (PVP), due to its own interesting physical properties. We anticipate that by mixing the polymer luminescence (PVK) with another host polymer, it will change electronic properties of the active layer. In this paper, we report the eect of polymer blends on the excitation and emission spectra of 
Electronic calculation
The monomeric unit of molecular structure for PVK, PVP and PVDF-HfP oligomer was drawn using the worksheet Material Studio ® interface. When the desired molecular structure was drawn, geometry optimiza- As depicted in Fig. 1 , all polymer systems have different excitation and emission spectra. For excitation spectrum, PVK:PVDF-HfP (Fig. 1a) has the highest excitation intensity, followed by PVK:PVP and PVK. The emission spectrum (Fig. 1b) for each polymer system has a tilted Gaussian shape. It can be observed that PVK: PVP has the highest emission intensity, followed by PVK:PVDF-HfP and PVK. For the PVK:PVDF-HfP, there is a shoulder at a lower wavelength. While for PVK:PVP, the shoulder appears at a higher wavelength.
These shoulders are attributed to vibronic transition with dierent quantized vibronic energy levels [9] . The deviations in emission intensity and in the maximum emission energy are due to the changes of electronic structure in polymer blending system. 4. Discussion Figure 1 shows some changes in the excitation and emission spectra of the polymer blend systems probably caused by the following few mechanisms. Initially, energy is transferred from PVP and PVDF-HfP to PVK.
According to the Forster theory, energy transfer can be achieved if the excitation spectrum of PVK overlaps with the emission spectrum of PVP/PVDF-HfP [14] .
To investigate the energy transfer of polymer-polymer blends, we use molecular quantum chemical calculation using ZINDO method. In this calculation, an assumption that the basic unit of molecular monomer is involved in photophysical process was taken. According to Forster model, singlet-singlet energy transfer could occur due to the interaction of dipole-dipole moment resonance between donor and acceptor [15] . From the quantum chemical calculation for each PVP and PVDFHfP, the lowest singlet energy level (S 1 ) is higher compared with that of PVK (Fig. 3) . Thus, it can be said that PVP and PVDF-HfP has become the sensitizer (donor), while PVK has become the acceptor. After the occurrence of excitation process, the sensitizer in excited states will eventually convert to the lowest singlet excited state. When the energetic coupling between PVP/PVDF-HfP and PVK is sucient, the energy transfer will be executed using resonance inductive coupling. It is also found that PVK:PVDF-HfP has a higher energy dierences of singlet-singlet transition compared with PVK:PVP. Thus, this makes PVK:PVDF-HfP to require more energy to excite donor from ground state to the excited state. For emission spectrum, experimental result shows that PVK:PVP has the highest emission intensity. Plausible explanations are due to the intra-and inter-molecular interaction for multichromphoric system and spin orbital coupling, which were not taken into account in our molecular orbital calculation [16] . 
